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1.0  INTRODUCTION 


This  effort  was  undertaken  in  order  that  feasibility,  design  and 
fabrication  methods  may  be  established  for  the  manufacture  of  two  wound  web 
bridge  module  prototypes.  Each  wound  bridge  module  consists  of  four  webs 
a  tread  plate,  and  a  bottom  chord.  The  tread  plates  and  the  bottom  chords 
were  government  furnished  under  the  contract.  Fiber  Science  proposed  a 
production  process  of  filament  winding  all  four  of  the  composite  bridge 
webs  at  once  on  an  aluminum  diamond  shaped  mandrel  which  would  fold  out 
into  the  "W”  shape  which  the  four  webs  of  each  module  would  assume  when 
the  module  was  assembled.  (See  Figure  1.)  This  full  scale  mandrel 
would  be  a  hinged  weldment  with  relatively  tight  tolerances  for  such  a 
structure-  Cost  estimates  were  near  $125,000  for  the  mandrel  alone.  In 
order  to  reduce  the  cost,  Fiber  Science  proposed  to  demonstrate  process 
feasibility  on  a  temporary,  shortened  wooden  mandrel.  Design  feasibility 
demonstration  was  proposed  by  construction  and  testing  of  two  full  sized 
modules  by  an  altered  manufacturing  method.  Filament  winding  the  mandrel 
skins  on  a  pre-existing  cylindrical  mandrel,  removing  the  skins  from  the 
mandrel,  and  then  laminating  these  skins  into  the  web  configuration  on  a 
flat  table  would  eliminate  the  need  for  an  expensive  mandrel.  This  method 
Is  more  labor  intensive  and  therefore  less  suitable  for  production  than 
the  filament  wound  "W”  concept,  but  less  costly  for  this  demonstration 
phase.  Modules  manufactured  by  either  method  would  meet  design  requirements. 
These  prototypes  were  to  be  of  composite  materials  in  order  to  reduce  the 
weight  of  the  pre-existing  all-aluminum  bridge  design.  The  work  was 
approached  in  three  phases. 

Phase  I,  component  development,  included  (1)  material  selection, 

(2)  module  concept  refinement,  and  (3)  trade-off  studies.  The  Phase  I 
Report  was  completed  December  8,  1981  and  submitted  to  the  Army  at  that  time. 


Phase  II,  engineering  design  and  documentation,  Included  the  creation 
of  engineering  drawings,  manufacturing  procedures,  and  test  samples  which 
were  representative  of  the  bridge  module  design.  The  samples  were  tested 
to  failure  to  provide  confidence  In  the  wound  web  design.  Design  drawings, 
manufacturing  procedures,  and  tests  were  completed  and  submitted  with  the 
Phase  II  Report  on  13  August  1982. 

Phase  III  of  the  effort  consists  of  fabrication  of  eight  wound  bridge 
webs  In  full  scale  and  the  assembly  of  the  webs  with  hardware  for  one 
complete  Interior  bridge  bay.  The  fabrication  details  for  the  wound 
bridge  webs  and  associated  hardware  are  Included  In  this  report. 

II.  RESULTS  AND  CONCLUSIONS 

"-ti-  'The  filament  wound  process  for  the  manufacture  of  a  bridge  web  was 

demonstrated  to  be  both  feasible  and  practical.  This  program  identified 
some  process  modifications  that  are  required  for  low  cost  production. 
£See~Ftgure  3)  The  modified  process  will  retain  the  attractive  features 
of  the  "wound  W“  process  (sea  Flgures  4  and  5),  but  will  greatly  reduce 
tooling  costs  and  improve  producibility  resulting  In  lower  labor 
C08tS ■ 

l 

2.  The  winding  angle  may  be  modified  from  45®  to  50°  to  Improve  the 
winding  pattern  without  Impacting  the  structural  Integrity,  but 
should  be  left  at  45*  for  maximum  strength  at  minimum  thickness.  (See 
Addendum  IV.) 

3.  The  design  requirements  for  edge  filler  are  met  by  the  syntactic  foam 
which  Fiber  Science  used.  This  foam  reduced  the  weight  by  an  average 
of  eight  pounds  per  web  over  the  weight  of  solid  epoxy  resin  edge 
filler.  Tests  of  the  syntactic  foam  compressive  strength,  although 
high  enough  to  meet  design  requirements,  were  not  as  high  as  anticipated. 
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The  compressive  test  result  was  3900  psl  avg.  3M  Company  "Scotchply” 
XP-241  syntactic  foam  conforming  to  MIL-S-24154A  Type  I  with  a  foam 
density  of  38  pounds  per  cubic  foot  is  reported*  to  have  a  yield  strength 
of  5000  psi.  Foam  conforming  to  the  same  Mil  spec  In  a  44  pound  per 
cubic  foot  density  is  reported*  to  have  a  compressive  yield  strength 
of  10,000  psi.  Unfilled  epoxy  resin  has  a  density  of  72.63  pounds  per 
cubic  foot.  The  foam  used  by  Fiber  Science  was  39  pounds  per  cubic 
foot.  It  is  recommended  that  the  density  of  the  foam  be  increased  to 
44  pounds  per  cubic  foot  in  order  to  obtain  higher  compressive  strength. 

4.  Results  and  conclusions  from  Phases  I  and  II  may  be  found  in  Addenda 
I,  II  and  III. 

III.  PERFORMANCE 

Fiber  Science  Division  has  complied  with  the  requirements  of 
Section  C  of  the  contract.  The  work  required  by  Contract  Section 
C.2.a,  Concept  Development,  was  performed  and  reported  as  Phase  I  of 
the  effort.  The  Army  response  to  the  Phase  I  Report  with  its  attendant 
instructions  may  be  found  in  Addendum  II  of  this  report.  Figure  1,  of 
the  Phase  I  Report,  has  been  modified  at  Army  request  to  show  web 
panel  cost  and  weight,  with  costs  for  graphite-epoxy  representative 
of  the  materials  used  in  Phase  III.  The  revised  Figure  1  is  included 
as  Figure  2  in  this  report.  The  Phase  II  effort  as  required  by  Contract 
Section  C.2.b,  Engineering  Design  and  Documentation,  may  be  found  in 
Addendum  III  of  this  report.  The  Phase  III  effort  as  required  by 
Contract  Section  C.2.c,  Hardware  Fabrication,  is  reported  in  this 
section.  ' 

♦Testing  reported  in  "Scotchply"  XP-241  Syntactic  Foam  Technical  Data 
Sheet  #11,  dated  January  1969. 
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IV .  PHASE  III  REPORT,  HARDWARE  FABRICATION 

This  phase  of  the  contracted  effort  was  defined  as  the  manufacture 
of  the  bridge  module  in  full  scale  as  defined  by  the  design  resultluj 
from  Phases  I  and  II.  The  drawings  which  described  the  design  were  as 
follows: 


DRAWING 

NO. 

TITLE 

3032P0001 

REV-1 

TOP  ASSEMBLY  BRIDGE  WEB 

3032A0004 

REV-2 

OUTER  PANEL 

3032A0005 

REV-2 

INNER  PANEL 

3032A0008 

REV-1 

LUG,  TREAD  PLATE 

3032A0011 

REV-1 

CUP,  BULKHEAD 

3032A0012 

REV-1 

BULKHEAD 

3997C5000  N/C 

EXTRUSION,  UPPER-CENTER 

3997C5001  N/C 

EXTRUSION,  UPPER-END 

3997C5002 

N/C 

EXTRUSION,  LOWER  CHORD 

MANUFACTURING  WEBS 

The  materials  and  process  used  to  manufacture  the  composite 
webs  are  state  of  the  art  technology  as  described  in  the  following 
sections . 

MATERIALS 

The  materials  which  became  a  component  of  the  end  item  webs 


A. 


A.l 


are  listed  in  Table  I 


TABLE  I  MATERIALS 


APPROX  WT . 


MATERIAL 

MFG.  BY 

MFG.  NAME 

PER  WEB 

HIGH  STRENGTH  CARBON 
FIBER 

CELANESE  CORPORATION 

CEL ION  600 

30.8  LBS. 

EPOXY  RESIN 

SHELL  CHEM. 

EPON  826 

15.2  LBS. 

EPOXY  RESIN  HARDENER 

UNIROYAL 

TONOX  LC 

6.7  LBS. 

GLASS  CLOTH 

J.P.  STEVENS 

120  CLOTH 

3.0  LBS. 

ALUM.  HONEYCOMB 

HEXCEL 

ACG  3/8  -  .003 

31.0  LBS. 

SYNTACTIC  FOAM 

FIBER  SCIENCE 

41.3  LBS. 

TOTAL  WEB  WEIGHT  128.0  LBS 

The  sytactic  foam  was  made  from  the  following  formula: 

SHELL  826  RESIN  100  PARTS  BY  WEIGHT 

ANC AMINE  LO  HARDENER  25  PARTS  BY  WEIGHT 

ANC AMINE  LOS  HARDENER  25  PARTS  8Y  WEIGHT 

GLASS  MICROBALLOONS  42  PARTS  BY  WEIGHT 

This  system  was  used  in  order  to  eliminate  one  high  temperature  cure 

from  the  process.  Six  samples  of  this  syntactic  foam  were  compression 

tested  to  obtain  an  average  strength  of  3,900  psi,  compared  to  9,000  - 

10,000  psi  for  unfilled  epoxy  resin.  The  foam  density  as  used  was 
3 

0.023  lb/ in,  using  glass  microballoons  type  B23/500  made  by  3M  Company. 

The  compressive  strength  of  the  syntactic  foam  was  lower  than  anticipated 
because  a  high  percentage  of  glass  microballoons  was  used,  creating  a 
low  density  syntactic  foam,  and  therefore  a  low  compressive  strength 
syntactic  foam.  The  compressive  strength  obtained  was  still  high  enough 
to  survive  the  design  loads,  but  could  be  increased  with  little  weight 
penalty.  The  hardeners  are  manufactured  by  Pacific  Anchor  Chemical 


Company. 


1 

1 


The  aluminum  extrusions  used  to  attach  the  webs  to  the  tread  plate 
and  to  the  bottom  chord  were  extruded  by  Kaiser  Aluminum  from  6061 
aluminum  stock  in  the  "0"  condition  and  subsequently  heat  treated  to  the 
T-6  condition. 

Bulkheads  were  manufactured  from  the  same  resins  as  the  web,  but 
the  reinforcement  was  high  strength  carbon  woven  fabric  Style  W-133, 
made  by  Fiberita  Corporation.  The  honeycomb  used  in  the  bulkhead  was 
ALH-CG/3003  commercial  grade  honeycomb  by  Unicel  Corporation,  with  a 
thickness  of  0.50  inches. 

Glass  cloth  insulation  was  bonded  to  the  composite  faces  where 
intimate  contact  was  expected  between  aluminum  and  carbon.  The  intent 
of  this  design  feature  is  to  break  up  any  galvanic  cell  which  might 
corrode  the  aluminum  in  contact  with  carbon.  Further  corrosion  prevention 
was  provided  by  installing  stainless  steel  fasteners  wet  with  a  strontium 
chromate  primer  coating.  The  sacrificial  primer  was  purchased  to  military 
specifications  MIL-P-23377  Type  I. 

A. 2.  WEB  MANUFACTURING  PROCESS 

The  bridge  web  manufacturing  process  was  studied  in  Phase  I  of  this 
project.  The  recommendation  made  on  page  7  of  Phase  I  Report  was  to  hand 
layup  the  entire  web  from  "Knytex"  a  brand  name  of  commercially  preplied 
broadgoods.  The  government  position  taken  in  response  to  the  Phase  1 
Report  requeseted  determination  of  the  actual  cost  of  the  "Knytex”  fabric 
made  with  low  cost  graphite  fiber.  Careful  comparison  of  graphite  "Kyntex" 
was  made  with  the  filament  wound  ”W"  process  to  determine  which  is  less 
costly.  The  "W”  process  (see  Figure  4  and  5)  which  was  first  presented 
in  the  Fiber  Science  proposal  for  this  work,  is  direct  filament  winding 
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upon  a  diamond  shaped  mandrel.  In  Chat  process  the  windings  were  slit 
along  one  side  and  folded  out  into  a  "W"  after  the  windings  were  “B" 
s  taged . 

During  the  Phase  II  work,  more  detailed  cost  estimates  revealed  that 
knitting  machine  setup  and  material  waste  charges  would  indeed  make  the 
"Knytex"  process  more  expensive  that  the  “W”  process  The  latter  process 
was,  therefore,  selected  for  the  production  process.  Cost  estimates  for 
a  full  scale  mandrel  to  be  used  for  fabrication  of  the  eight  webs  funded 
on  the  contract  ranged  near  $125,000.  This  cost  was  not  included  in  the 
Fiber  Science  proposal,  which  only  contained  $6,808  for  tool  materials 
and  construction  labor.  The  mandrel  proposed  was  a  shortened  wooden 
mandrel  as  discussed  in  the  introduction.  To  make  a  full  size  mandrel 
twenty-three  feet  long  which  does  not  sag  in  the  middle  requires  stiffer, 
less  dense  materials  than  wood  and  results  in  the  high  price.  The  demon¬ 
stration  winding  manufacturing  process  used  to  evaluate  the  two  approaches 
was  as  follows: 

1.  Phase  III  web  skins  were  filament  wound  on  a  large 
existing  cylindrical  mandrel,  cut  and  laminated  into  the 
web  configuration  complete  with  honeycomb  core. 

2.  A  scaled  down  wooden  mandrel  was  fabricated  to  demonstrate 
both  winding  techniques  for  the  diamond  shaped  mandrel  and 
the  slitting  and  folding  operation.  The  demonstration  mandrel 
was  full  sized  in  cross  section  but  the  length  was  reduced  to 
six  feet  from  the  twenty-three  feet  required  for  a  full  scale 


.3.  FULL  SCALE  WEB  MANUFACTURE 


The  web  skins  were  wound  on  a  cylindrical  mandrel  38  Inches  In 
diameter.  The  mandrel  was  first  wrapped  with  a  plastic  sheet.  Hoop 
windings  were  made  with  a  1.0  Inch  wide  band  consisting  of  13  rovings. 

The  helical  windings  were  16  rovings  in  a  1.0  inch  wide  band. 

When  the  skin  winding  was  complete,  the  skin,  with  the  plastic  sheet 
carrier,  was  slit  and  peeled  off  the  mandrel  so  that  it  could  be  laid 
flat  on  a  work  fable.  The  curvature  of  the  mandrel  causes  some  wrinkling 
in  the  outside  fibers  of  the  skin  when  the  3kin  is  laid  flat,  so  some 
hand  work  was  performed  to  remove  wrinkles.  The  skin  was  "B”  staged  24 
hours  at  room  temperature  before  further  handling. 

After  "B"  staging,  the  skin  could  be  bonded  to  the  aluminum  honeycomb* 
core.  A  layer  of  peel  ply  was  applied  to  the  work  table,  followed  by  the 
skin  and  then  120  glass  cloth  was  applied  to  the  skin  dry,  and  then  wet 
out  with  resin.  Four  honeycomb  panels,  each  cut  to  drawing  width  and  six 
feet  long,  were  then  positioned  on  top  of  the  glass  cloth,  and  butted 
together.  The  assembly  was  then  vacuum  bagged  to  the  work  table  and 
cured.  The  cure  cycle  was  as  follows: 


4 

Hours 

150° 

F 

4 

Hours 

225° 

F 

4 

Hours 

275° 

F 

1.5 

Hours 

Cool 

With  Oven  Doors  Closed 

After  the  first  skin  cured,  the  vacuum  bag  was  removed,  and  the 
honeycomb  cells  were  filled  with  syntactic  foam  around  the  periphery  of 
the  web.  The  filled  area  was  1.5  inches  wide.  The  honeycomb  butt 
joints  were  also  filled  0.75  inches  wide.  The  formula  for  mixing  the 
syntactic  foam  was  given  in  the  materials  section  of  this  report. 
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In  practice  it  was  found  that  the  mixture  was  thin  enough  to  be  poured 
into  the  cells.  After  pouring,  the  table  was  tapped  or  vibrated  in 
order  to  bring  bubbles  to  the  top  Bubbles  were  scraped  off  the  top  and 
cells  were  completely  filled  before  foam  was  cured. 

Following  foam  installation  the  partial  assembly  was  removed  from 
the  work  table.  The  second  skin  was  then  bonded  to  the  honeycomb  partial 
assembly  in  the  same  manner  as  the  first  skin:  the  skin  was  placed 
over  a  peel  ply  (to  provide  a  paintable  texture),  the  120  glass  cloth 
layer  applied  dry  on  top  of  the  skin,  and  then  the  partial  assembly  was 
vacuum  bagged  down  to  the  skin,  followed  by  the  cure.  Bonded  assemblies 
were  then  trimmed  to  length  and  stored  to  await  final  assembly. 

B.  METAL  HARDWARE 

The  new  metal  components  were  purchased  by  Fiber  Science  from  ven¬ 
dors.  The  largest  metal  components  were  the  aluminum  extrusions  used  to 
attach  webs  to  the  tread  plate  and  to  the  bottom  chord.  These  extrusions. 
Drawing  Numbers  3997C5000,  39975001  and  3997C5002  were  custom  manufactured 
for  Fiber  Science  by  Kaiser  Aluminum  in  Los  Angeles,  California. 

The  cross  brace  attachment  lugs.  Drawing  Numbers  3032A0008  and 
3032A0011  were  manufactured  for  Fiber  Science  by  Heinhold  Engineering  of 
Salt  Lake  City  to  Fiber  Science  drawings. 

Stainless  steel  bolts  used  to  both  attach  webs  to  extrusions  and 
bulkheads  to  webs  were  purchased  by  specification  number  to  HRS  Fasteners 
Company  in  Arlington,  Texas.  Stainless  steel  Inserts  for  the  bulkhead-to- 
web  joint  were  purchased  from  Tridair  Industries,  Torrance,  California. 

C.  BRIDGE  MODULE  ASSEMBLY 

The  module  pieces  were  assembled  in  the  following  order  so  that 
bonding  and  bolt  assembly  might  be  performed  conveniently. 
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1.  Weld  upper  extrusions  to  tread  plate 

2.  Drill  bolt  holes  through  both  sides  of  extrusion  using  a  drill 
press . 

3.  Prepare  extrusion  surface  for  bonding  with  pasa  gel  solution. 

4.  Bond  inner  webs  into  center  extrusion  socket  using  adhesive  and 

5.  Drill  web  bolt  holes  through  predrilled  extrusion  bolt  holes. 

6.  Assemble  bolts  wet  with  MLP-P-23377  Type  J  Primer. 

7.  Bond  outer  webs  Into  outer  extrusion  socket  using  APCO  2434/2310 
adhesive  and  locating  jigs. 

8.  Drill  outer  web  bolt  holes  through  predrilled  extrusions. 

9.  Install  bolts  in  outer  extrusion-web  joint  wet  with  primer. 

Assemble  bottom  chord  with  lower  extrusions. 

10.  Prepare  lower  extrusions  for  bonding  with  pasa  gel  solution. 

11.  Butter  lower  edge  of  webs  with  APCO  2434/2310  adhesive  and 
bond  lower  chord  assembly  to  webs  using  a  locating  jig. 

12.  Drill  lower  web  bolt  holes  through  predrilled  extrusions 

13.  Install  bolts  in  lower  extrusion-web  joint  wet  with  primer. 

The  cross  brace  lugs  were  welded  in  position  on  the  assembled  bridge 
using  a  locating  jig. 

DEMONSTRATING  WINDING 

The  demonstration  winding  portion  of  this  effort  was  undertaken  to 
show  the  production  process  for  bridge  webs  proposed  by  Fiber  Science 
1 3  feasible.  This  winding  demonstrated,  the  Army  has  at  Its  disposal  a 
production  method  which  is  largely  automated  and  which  is  not  labor 
intensive,  thereby  enhancing  production  rates  and  reducing  costs  A  full 
scale  winding  would  have  been  most  convincing  as  a  feasibility  demonstration 
but  the  cost  of  such  a  mandrel  was  prohibitive  for  this  program.  Full 
scale  mandrel  cost  estimates  were  near  $125,000.  Since  the  major  problems 


were  expected  in  turnaround  (a  form  attached  to  the  ends  of  filament 
winding  mandrels  to  facilitate  fiber  direction  reversal)  design  and 
mandrel  folding,  a  shorter  mandrel  was  considered  to  be  a  reasonable 
compromise.  The  turnaround  problem  would  not  be  diminished  by  a  short 
mandrel  of  full  sized  cross  section  but  folding  a  short  mandrel  would  be 
easier.  As  the  demonstration  winding  progressed,  the  anticipated  problems 
were  found  to  be  real  but  solvable.  A  discussion  of  the  problems  and 
problem  solutions  follow. 

D.l  TURNAROUNDS 

Several  turnaround  designs  were  tried  before  one  was  found  which 
brought  reasonable  results.  This  turnaround  design  was  obtained  by 
calculating  the  perimeter  length  of  the  diamond  portion  of  the  mandrel  and 
then  determining  the  diameter  of  a  circle  which  has  the  same  circumference 
as  the  mandrel  perimeter.  The  circle  was  cut  from  plywood  and  used  as 
the  end  piece  of  the  turnaround.  The  remainder  of  the  turnaround  contour 
was  calculated.  An  existing  mandrel  stand  was  used  which  offered  28  inches 
on  each  end  for  turnaround.  More  distance,  approximately  36  inches, 
would  be  required  to  provide  a  uniform  winding  pattern  to  the  end  of  the 
mandrel  at  the  i45°  winding  angle  designed  in  the  web  skin  laminate. 

As  a  result,  the  ±45°  winding  in  the  inside  skin  of  the  demo  piece 
were  poorly  distributed  due  to  bridging  and  slipping  of  fibers  during 
winding.  A  satisfactory  winding  pattern  was  obtained  on  the  outer  skin 
by  changing  the  helical  winding  angle  to  55°.  Analysis  reveals,  however, 
that  the  winding  angle  should  not  be  increased  beyond  50°  because  of 
decreasing  composite  shear  strength  (see  Addendum  1).  A  completely 
satisfactory  turnaround  would  be  achieved  with  proper  tooling 
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2 .  MANDREL  FOLDING 


The  difficulties  with  the  folding  operation  began  as  soon  as  the 
slit  was  made  (Figure  4).  The  skins  and  the  honeycomb  tended  to  fall 
away  from  the  mandrel.  Elastic  cords  were  fastened  around  the  mandrel 
halves  to  secure  the  webs  to  the  mandrel,  and  still  the  webs  sagged  away 
from  the  mandrel  between  cords  stretching  the  skins  and  causing 
wrinkles.  As  a  result,  it  was  decided  that  the  cut  shown  in  the  Figure  2, 
Step  6  schematic  would  be  deleted.  The  weight  of  the  six  foot  long 
wooden  mandrel  made  the  tuck  operation  so  awkward  that  it  was  poorly 
done  and  became  a  lump  which  crushed  the  honeycomb.  The  honeycomb  has 
not  been  dimensionally  stabilized  and  stretched  during  handling  and 
folding  so  that  it  was  caught  and  crushed  as  the  fold  was  made.  None  of 
these  problems  was  so  serious  that  it  could  not  be  overcome  with  proper 
tooling  and  procedure  After  considering  this  process.  Fiber  Science 
has  concluded  that  a  variation  of  the  wound  ”W"  concept  would  require 
much  less  tooling  and  probably  fewer  manhours  (see  Figure  5),  while 
retaining  the  most  desirable  features  of  the  previous  version,  namely, 
low  labor  intensity  and  producibility . 
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ADDENDUM  IV 
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550  HELICAL 
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FOR  55°  HELICAL,  TRY  t 
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TITLE 

BRIDGE  WOUND  WEB  MODULE 
PHASE  I  REPORT 


FIBER  SCIENCE,  INC. 

SALT  LAKE  CITY,  UTAH  Mil* 


"The  views,  opinions,  and/or  findings  contained  In 
the  report  are  those  of  the  author(s)  and  should 
not  be  construed  as  an  official  Department  of  the 
Army  position,  policy,  or  decision,  unless  so  des¬ 
ignated  by  other  documentation." 


I-  INTRODUCTION 


The  Wound  Bridge  Web  contract  is  an  effort  to  reduce  the  weight 
of  the  existing  bridge.  The  wound  bridge  web  contract,  which  provides 
for  the  determination  of  contract  feasibility,  design,  fabrication, 
test  and  assembly  of  two  bridge  web  modules,  was  received  at  Fiber 
Science  on  September  28,  1981. 

Phase  I  of  the  contract.  Component  Development,  Includes 
(1)  material  selection,  (2)  module  concept  refinement,  and  (3) 
trade  off  studies.  Phase  II  of  the  contract  will  consist  of 
engineering  design  and  documentation.  Phase  III  will  be  fabrication 
of  hardware  for  one  complete  interior  bridge  bay  and  assembly  of 
parts. 

This  Is  the  final  report  under  Phase  I  of  the  contract. 
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II.  AIMS  AND  OBJECTIVES  OF  PHASE  I 


1.  Determine  weight  versus  cost  for  various  material  combinations 
and  physical  configurations  which  meet  the  requirements  of 
Attachment  I  to  the  Statement  of  Work. 

2.  Determine  cost  of  labor  and  materials  for  each  of  the  candidate 
manufacturing  methods  proposed  for  large  scale  manufacture  of 
the  bridge  webs. 

3.  Prepare  reconmendatlons  based  on  cost,,  weight,  fatigue  strength 
ease  of  manufacture  and  efficient  material  usage. 

4-.  Prepare  preliminary  designs  for  bridge  web,  web  attachments, 
bulkheads,  and  redesign  cross  braces  if  necessary. 

5.  Determine  weight  and  cost  of  the  recommended  preliminary 
design  In  large  scale  production. 


III.  CONCLUSIONS  &  recowenoations 


A.  MATERIALS  CONCLUSIONS 

Material  weight  requirements  were  determined  by  going  through  the 
design  procedure  for  each  of  the  core  material  candidates  In  combination 
with  each  skin  candidate.  After  thicknesses  of  core  and  facing 
materials  had  been  calculated  with  the  design  procedure,  the  weight 
of  each  design  In  pounds  per  square  Inch  was  calculated.  These 
weights  were  summarized  In  Table  I  and  Figure  I.  The  weights  may 
be  compared  to  the  original  design  weight  of  0.025  LB/IN2. 

Minimum  weight  combination  was  graphite-epoxy  facing  with  one  of  the 
three  al  uni  nun  core  materials  analyzed,  and  minimum  cost  combination 
was  E-glass-epoxy  facing  with  polyurethane  foam  coreT  The  best 
compromise  between  minimum  weight  and  minimum  cost  was  S2  glass- 
epoxy  with  ACG  3/8-. 003  aluminum  core,  at  J.0062/FT2  and  0.0153  LB/IN2. 
This  alternative  would  offer  a  57%  decrease  in  weight  of  the  original 
design  for  slightly  less  than  $2/FT2  Increase  In  cost. 


TABLE  I  Mat1!  Cost  Comparison/ Interior  Ba 
Original  Min.  Cost  Min.  Wt. 


Comoromlse 


ll4t.  “5837  1119.  731.  3006  .  246.  1665  .  425. 


B.  PROCESS  CONCLUSIONS 


A  labor  and  materials  comparison  was  made  for  each  of  four  proposed 
producatlon  methods: 

Option  A.  Filament  wind  entire  skin. 

Option  B.  Filament  wind  broadgoods  and  layup. 

Option  C.  Filament  wind  90°  ply  only,  layup  Knytex*  for  45°  plies. 

Option  0.  Hand  layup  entire  web  from  Knytex*. 

*  Knytex  COB  to  be  manufactured  to  width  and  thickness  desired.  This 
Is  a  nonwoven  trlaxlal  fabric. 

Two  major  breakdowns  were  made  in  labor  and  materials  comparison: 

"W"  represents  the  baseline  "Hound  H"  concept  presented  In  the 
proposal  where  faces  were  wound  over  a  diamond  shaped  mandrel  with 
subsequent  face  sTIttlng  and  mandrel  folding  operations  to  produce 
the  "H"  form  desired.  "V"  represents  using  a  "V"  shaped  mandrel  to 
produce  one-quarter  of  the  Interior  bay  web  section  at  a  time.  This 
method  would  have  a  32%  waste  of  facing  materials  Inherent  to  the  process. 

Table  II,  which  follows,  summarizes  relative  costs  for  the  process 
options. 
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C.  DESIGN  CALCULATIONS  CONCLUSIONS 


1.  During  the  design  calculations  phase  It  became  evident  that  the 
design  "driver"  was  the  composite  shear  modulus,  G,  of  the  core 
material . 

2.  Hybrid  composites,  or  combinations  of  fiber  materials  In  the 
faces  of  the  web  did  not  prove  to  be  an  advantage  because  of  the 
well  known  effect  of  mismatched  modulus  materials:  Using  a  high 
modulus  with  a  lower  modulus  material  causes  premature  loading 
and  failure  of  the  stlffer  material. 

3.  Low  compression  strength  of  Kevlar  4g  prompted  its  deletion  from 
the  list  of  facing  materials. 

D.  RECO  WENDATI ONS 

1.  Use  the  S2  Glass-Epoxy/ACG  Aluminum  Core  combination  for  web 
materials. 

2.  Use  the  hand  layup  Option  D  process  for  production  manufacture 
of  the  webs. 

3.  Class  C  drawings  will  be  generated  for  phase  III  of  the  present 
contract.  (See  para.  B. 5  of  FSl  Management  Procedure  200-1.) 

d.  Tool  drawings  for  the  present  contract  will  be  type  1  for  vendor  use 
and  type-  C  for  in  house  use.  (See  para.  ET.5  of  FSI  Management  Procedure  200-1 .) 

5.  The  level  of  fabrication  to  be  used  for  the  present  contract  In- 
house  needs  will  be  level  I.  (See  para. 6,para.E.l  of  M.P.  200-1.) 

6.  Tooling  fabrication  wITT  be  class  "C"  and  class  "D".(See  para.14-  of  M. P.400-03. 

7.  Bridge  web  panels  manufactured  on  Phase  III  of  this  contract 
will  be  non-lnterchangeable. 

E.  DESIGN  CONCEPT  SKETCHES 

The  attached  sketches,  figures  rr,  through  V,  represent  attachment 

concepts  which  are  consistent  with  design  calculations.  In  general, 

attachment  fittings  will  be  aluminum  extrusions  which  are  anodized 

for  corrosion  protection,  and  are  both  bonded  and  bolted  to  the  d 

web  In  order  to  provide  a  reliable  structure.  Extrusions  will  be 

welded  to  the  upper  chord. 


tr 


TABLE  II. 


"W"  PROCESS  COST  DIFFERENCE,  $/FT2 


Face  Mat*  1 /Core  Mat*! 
E  Glass/ACG 
S2  Glass/ACG 
T300/ACG 


PROCESS  OPTION 
A  — 5  - 3 

1.28  0.53  0.81 

3.01  2.26  2.9i 

8.39  8.14  N.A. 


*  Not  believed  to  be  a  volume  quote 


"V  PROCESS  COST  DIFFERENCE,  $/FT2 

PROCESS  OPTION 

Face  MatH/Core  Mat'!  A  B  3 
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KNYTEXCDB 

A  Revolutionary  "Triaxial"  Fabric 

Our  CDB  fabric  is  a  unique  concept  in 
reinforcing  material  A  new  "triaxial"  fabric 
which,  combines  the  most  desirable 
characteristics  of  both  unidirectional  and 
double  bias  concepts.  Triaxial  design  provides 
improved  strength  in  three  directions,  giving 
you  isotropic  reinforcements,  with 
unidirectional  strength. 
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Knytex  CDB  has  exceptionally  high  tensile 
strength  and,  because  of  our  unique  knitting 
process,  is  especially  useful  where  torque 
loading  is  a  critical  factor. 

This  fabric  is  a  new  breakthrough  with 
tremendous  potential  for  innovative  use  in 
the  automotive  industry.  It  has  already 
proven  it's  worth  in  marine  hull  design  and 
the  manufacture  of  wind  turbine  blades, 
where  strength  and  weight  are  important 
factors. 

Knytex  CDB  triaxial  fabric,  a  proven 
innovation  for  the  future . .  .  today! 
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PRODUCT  INFORMATION 


,rhir  new  CDB  triaxiai  fabric  is  nonwoven, 
..Jding  to  its  tremendous  versatility  and 
improving  overall  mechanical  strength. 

A  revolution  in  nonwoven  fabrics,  the  triaxiai 
construction  provides  strength  in  three 
directions:  0  degrees.  45  degrees,  and  135 
degrees.  Traditional  nonwoven  fabrics  are 
limited  to  only  0  and  90  degree 
reinforcement  capabilities. 

A  fabric  of  tomorrow,  CDB  presents 
unlimited  applications.  Its  exceptional  torque 
strength  and  primary  strength  in  the  warp 
direction  make  it  possible  to  meet  the 
growing  demands  of  the  plastics  industry  for 
some  time  to  come. 

The  Knytex  CDB  triaxiai  fabric  is  available 
with  “E"  glass  roving,  but  other  yams  such 
,  as  “S"  glass,  Kevlar,  and  Graphite  could  be 
ed.  The  unique  construction  process 
provides  50  percent  of  the  fabric  weight  in 
the  direction-  of  the  warp,  with  25  percent  in 
each  of  the  45  degree  directions. 


Physical  Data  —  CDB  340: 

Widths:  3  inches  to  50  inches 
Weight:  34  ounces  per  sq.  yard 
Thickness:  .050  inches 

Mechanical  Properties  —  CDB  340: 

The  mechanical  properties  shown  in  the  table 
were  made  with  4-ply  CDB  340  and  a  general 
purpose  polyester  resin.  Total  thickness  of 
the  laminate  was  .158  inches  and  the  fabric 
to  resin  ratio  as  measured  was  50:50  by 
weight.  Materials  were  tested  in  accordance 
with  ASTM  methods  D-695,  D-790,  and 
D-638. 
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2024-  ALUMINUM 
HONEYCOMB 


CORROSION  RESISTANT  2024  ALUMINUM  HONEYCOMB 


FEATURES 

Markedly  Improves  Corrosion  Resistance 
Maintains  Corrosion  Protection  at  Elevated  Temperatures 
Heat  Treatable,  High  Strength  Core  Material 
Highest  Strength  to  Weight  Ratio  as  a  Sandwich  Core 
Strength  Retention  at  Elevated  Temperature 

APPLICATIONS: 

CR  HI*  2024  Aluminum  Honeycomb  has  been  made  available  by  Hexcel 
for  applications. where  high  strength  and  strength  retention  for  elevated 
temperature  servicer  are- required  2Q24'AI»hooeycomb-matenaf-  ifraveil- 
able  in  either  the  high  strength  TBI  temper  or  in  the  T3  condition 
which  has  more  formability  and  can  subsequently  be  heat  treated  to  the 
T31  condition.  The  principal  utilization  of  2024  AL  honeycomb  is  in 
high  performance  applications  where  service  temperatures  require  long 
term  stability  to  350°P  and  short  term  service  as  high  as  420°F. 

SPECIFICATIONS: 

Ail  Corrosion  Resistant  2024-  expanded  aluminum  honeycomb  materials 
meet  the  requirements  of  Military  Specification  MIL-C-7438  where 
applicable.'  '  ■’ 

STANDARD  DIMENSIONS: 

CR  IE  2024  Aluminum  Honeycomb  materials  are  available  in  the  follow¬ 
ing  sizes: 


Density 


Less  than  5.0  pcf 


5.0  to  8.0  pcf 


9:5  pcf 


48"  +•  2  -O 


30"  +  2-0 


24^  -f-2  -0 


W 


So1  +■  4-  -0 


967  +-  4  -Q 


54^4-0 


T  dimensions  have  *  minimum  of  0.125"  and-  *  maximum  of  IOjO" 
Special  L>  Wand: T  dimensions  are  available  ore  request 

THICKNESS  TOLERANCE?: 


.Standard  Tolerance- 

-  .125"  to  4.000" 
4.001"  and  Oer 

os  .005"'  {except  for  r/8  -  .003  -  95)  . 
ds  .062"  (except  for  r/8  1  0C3  -  95T 

DENSITY  TOLERANCES: 

The  nominal  densities-  of  2324  Aluminum  Honeycomb  ‘  products,  are 
shown  inr  Table  I.  Standard,  density  tolerance  ore  the  nominal  density 

is  a  10%.  .. ...  \  ■ .  XX:. 
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TYPE  DESIGNATION: 

Hexcel  CRIE  2024- Aluminum  Honey¬ 
comb  is  designated  as  follows: 

Matt.  —  Cell.  Size  —  Alloy  —  Temper 
—  Foil  Thickness  —  Density 


EXAMPLE: 

CR  IE— 3/16— -2024 
TBI— 001 5N— 3.5 

CR  IE  designates  corrosion  resistance 
aluminum  honeycomb 

3/16  is  the  cell  size  in  inches 

2024  is  the  aluminum  alloy  used. 

T81  is  the  temper  condition. 

.001 5  is  the  nominal  foil  thickness  in 
inches 

N  indicates  cell  walls  are  not  perfo¬ 
rated.  (Perforated  core  is  not  avail-, 
able) 

3.5  is  the  nominal  density  in  pounds 
per  cubic  foot. 


DIMENSIONAL  NOMENCLATURE: 
T=Thickness*  or  cell  depth 

L=  Ribbon  direction,  or  longitudinal; 
direction: 

W=T ransverse  direction,  or  direction 
perpendicular  to  the  ribbon; 


CUSTOM  PROCESSING:  *. 

CR  HI  2024  Aluminum  Honeycomb  can  be  provided  machined  or  formed  to  various  shapes.  This  can  Include  edge  cham¬ 
fering,  simple  and  complex  taper  cuts,  and  other  special  machined  configurations.  Contact  the  nearest  Hexcel  Sales  Office 
for  additional  information. 

» 

.AVAILABILITY: 

Standard  size  CR  HI  2024  Aluminum  Honeycomb  will  be  shipped  F.O.B.  Graham,  Tetas.  Request  for  quotations  should  be 
forwarded  to  the  nearest  Hexcel  Sales  Office  listed  on  this  data  sheet.  Sales  terms  are  1  %  in  IS  days  from  date  of  invoice, 
net  due  in  30  days,  or 2%  cash  with  order  (CWO). 

TABLE  I  MECHANICAL  PROPERTIES 


CO  M  PRESS!  V  t 


DESIGNATION  - 
Ca<l-MatadaW3aga  S 


1/8-2024*. 00 15  S.O 
1  /  8*2024-. 0020  6.7 
1/8*2024*0025  8.0 
•  J/.8-2024-.0030  9.5 
3/14*2024*0015  3.5 
1/4*2024*. 00 IS  28 


■arm 

Strang  th 

pai 

typ 

min 

700 

525 

1100 

825 

1480 

1100 

1970 

1475 

"  330  ' 

25b 

220 

165 

tlATI  SHEAR 


Strength- 

pal 


«VPtal 

200 

300 


typ  typ  mm 
425  500  '  400 

640  760  600 

840  960  770 

1120  USO  950 
200  290r  '  23» 

110  200  140 


Strang  th 

-  oal 

typ 

min 

315 

250 

470 

375 

590 

470 

650 

585 

180 

143 

120 

88 
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WR  II®  SHELTER  CORE® 
WATER  RESISTANT 
KRAFT  HONEYCOMB 
DiSLIMO 
March  31,  1981 


WR  II®  SHELTER  CORE® 

WATER  RESISTANT  STRUCTURAL  KRAFT  HONEYCOMB 

FEATURES: 

Low  Cost 

High  Structural  Strength A^w  Weight  . 

High  Resistance  to  Water  Migration 
High  Fungus  Resistance 

Structural  Grade  Honeycomb  '  ^  . 

APPLICATIONS: 

WR  II  Shelter  Core  has  been  developed  by  Hexcel  as  a  structural 
grade  honeycomb  core  material  for  use  irr  the  construction  of  various 
types  of  air-transportable  military  shelters.  The  product  meets  the 
requirements  of  militray  specification  MIL-H-21G40,  C  revision,  and 
has  substantially  less  than  one  cell  water  migration  in  24-  hours  when 
tested  to  MIL  STD.  401 B. 

•  .^-Typical  applications. ipdude-  personnel ^shelters,  transportable  medi¬ 
cal^  units,  electronic  enclosures,  utility  buildings. 'and  in'termodai  cargo 
containers. 

DESCRIPTION: 

WR  II  Shelter  Core  is  a  highly  water  resistant  core  material  pro¬ 
duced  from  kraft  cellulose  fiber  web  materials  under  a  patented  Hexcel 
process.  The  honeycomb  web  has  been  treated  wittr  special  chemicals 
and  polymers  to  provide  anti-water  migration  characteristics  and  excel¬ 
lent  mechanical  proportion. 

Shelter  Core  cam  be  bonded  with  basic  adhesive-  systems  to  any 
standard  sandwich  facing  material  to  proride.  a.  high*  strength,  lor  cost 
sandwich  panel.  Due  to  moisture  pick-up,  WR  II  core  may  have  to  be 
oven  dried  before  bonding. 

SPECIAL  PRODUCTS: 

WR  It  Shelter  Core  can  be  provided  pre-cur  to-  specific  L  and  W 
dimensions,  as  well  as  in- expanded  block  form-  up*  to  30  inches  T.  Panels 
up  to  4'  inch-  T  can  also  be  supplied  filled  wittr  *20  pcf  polyurethane 
foam-  for  added  thermal  insulation.  In  addition,  bare  or  foam  filled  core 
is  available  with-  HBCABONO®  celt  edge  adhesive  eliminating  the  need 
for  tape  or  paste  adhesive  in  bonding  flat  sandwich-  panels.  For  infor¬ 
mation  on  these  special  products  contact-  your  nearest  Hexcel  Seles 
of«ce  .  ...  _  ■ 
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TYPE  DESIGNATION: 

WR  II  Shelter  Core  Honeycomb  is 
designated  as  follows: 

Material  —  Cell  Size  —  Density 

Example: 

WR  11-3/8-3.8 

Where: 

WR  II  designates  honeycomb  type 
3/8  is.  the.  cel  I  size  in  inches  .. 

18  is  the  nominal  density  in  pounds 
per  cubic  foot 

DIMENSIONAL  NOMENCLATURE 
T  Thickness,  or  cell  depth 
L  Ribbon  direction,  or  width 

W  Long  direction,  or  direction  perpen¬ 
dicular  to  the  ribbon 


eirwtimr 


AVAILABILITY: 

WR  II  Shelter  Core  will  be  supplied 
F.Q.8.  Casa.  Grande,  Arizona.  Check 
with  your  local  Hexcel  Sales  Office  for 
availability. 


SPECIFICATIONS: 

GmwI  —  WR  II  Shelter  Core  will  be  supplied  in  flat  expanded  sheets  free  from  foreign  contaminates 
'  and  ready  for  bonding. 

I  Coa figuration  —  The  average  ceil  size  as  measured  across  the  flats  (nodes)  of  cells  will  be  dr  10%  of  the 

nominal.  Cell  determination  will  be  made  by  measuring  the  length  of  10  consecutive  cells  in  €  random 
locations  and  averaging  the  results.  Double  laps  will  be  permitted  as  long  as  the  core  blankets  are  within 
density  tolerance:  Unbonded  nodes  will  be  permitted  to  the  extent  that  no  opening  larger  than  three 
times  the  nominal  cell  size  is  created'  and  the  minimum-  mechanical  properties  are:  obtainable. 


Density  —  The  acceptable  tolerance  on  density  will  be  ±  10%. 

Water  Migration  —  The  WR  1 1  Shelter  Core  product  line  will  n 
hours  when  tested  in  accordance  with  MIL  STD.  401 8. 


meet  a  limit  of  1  cell  water  migration  in  24 


Standard  Dimensions  —  WR  II  Shelter  Core  materials  are  available  in  the  following  standard  sizes  and 
dimensions  with  tolerances  indicated: 


PROOUCX 


WR  II  .3/8-25 


WR  II  - 3/8-1* 


45"  Mia: 


45"  Mac. 


W 


96"  Min. 


96"  Mia: 


T  Max. 

T  Min. 

.  30" 

0250" 

30"  > 

0250" 

Thickness  tolerance  for  up  to  4.000"  T  will  be  .010,  for  over  4.000"  T  tolerance  will  be  do  .125". 
Other  L  and  W  dimensions  are  available:  Please  contact  your  nearest  Hexcel  Sales  Office  for  additional 


Mechanical  Properties- — WR  II  Shelter  Core  meets  the  mechanical  property  requirements  of  MIL-H-2I040 
revision  C  In  addition,  the  following  typical  properties  have  been  obtained  when  tested  per  MIL-STD- 
401  Bat  0.500  inch  T. 


KATCSHCA* 


Material  -  Grit  -  Density 


Wit  It  -  3/8  -  25 


WHI  -  3/8  -  18  I  515 


Strength  Moduli* 
(Mi  ksi 


55  255 
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ACG® —  HONEYCOMB 
ALUMINUM  COMMERCIAL  GRADE 

as.  $000 

*  Fab.  14, 1960 


ACG*  —  ALUMINUM  COMMERCIAL  GRADE  HONEYCOMB 

FEATURES; 

Low  Cost 

I  High  Structural  Strength/Low  Weight 

Corrosion  Resistant 

APPLICATIONS; 

w  ACG  is  a  commercial  honeycomb  core  offering  industrial  designers, 

at  relatively  low  cost,  the  advantages'  of  an  ill-metal  honeycomb  with'  tong 
service  life  and  resistance  to  fungus,  moisture  and  temperature.  Uses  in¬ 
clude  industrial  tooling  panels,  architectural  panels,  shelving,  storage  tank 
covers,  building  wails,  table  and  counter  tops. 

O.  DESCRimOHr  .;.  -V, ;;v. 

Aluminum  commercial  grade  honeycomb  is  made  from- 3000  series-alumi¬ 
num  alloy  foil  . approximately :3  mils  thick.  An  organic c^atin^,  is.  applied  to  the. 
foil  which  provides  excellent"  protection  to  corrosive-. atmospheres.  Four' ceil 
sizes  and  densities  are  available  The  honeycomb  is  manufactured  by  band¬ 
ing  together  sheets  of  aluminum  foil  which  are  expanded  to  form  a  cellular 
honeycomb  configuration;  The  node  bond  adhesive  is  a  thermosetting  type; 
cured  under  heat  and  pressure  with  the  honeycomb  in  the  unexpended  or 
HOSE®  (HOneycomb  Before  Expansion)  condition.  Slices  are  cut  from  the 
unexpanded  material  to  specified  thickness,  or  ceil  depth,  and  then  expanded 
to  final  configuration. 

The  honeycomb  can  be  supplied  either  expanded  or  in  KOBE  slices:  Any- 
panei  thickness  between  0.125“  and  20  indies  can  be  prwided  Material 
will  normally  be  perforated  such  that  all  celts  will  be  vented  in  a  slice  as 
thin  as  0.187  inches  Non-perforated  honeycomb,  is  available  upon  request. 

SPECIAL  PRODUCTVCUSTOM  PROCESSING; 

Aluminum*  commercial  grade  honeycomb  can  be  provided  machined  or 
formed  into  various  shapes.  This  can  include  edge  chamfering^  simple  and 

O1  complex  taper  cuts;  and  other  special  machined  configurations  Hexcel  can 
also  supply  flat  sandwich  panels  using  ACG  with  a  wide  variety  of-  facing 
materials’,  dose-outs  and  dimensions  Contact  the.  nearest  Hexcel  Sales 
Office  for  additional  information: 


TYPE  DESIGNATION; 

ACG  honeycomb  is  designated  as 
follows: 

Material  —  Cell  Size  —  Density  — 
Perforated 

Example: 

ACG -3/8  -3.6P 

U/lan, 

»7  Imlel 

ACG  designates  corrosion  resistant 
honeycomb  type 

3/8  is  the  cell  size  in  inches 

3.6  is  the  nominal  density  in  pounds 
per  cubic  foot: 

P — Indicates  cells  walls  are  perforated 

DIMENSIONAL  NOMENCLATURE 

T=Thickness,  or  cell  depth 
-  Lsrib'bbon-direrhion,  or  width  • 

WssLong  direction,  or  direction 
perpendicular  to  the  ribbon 


HOSE  BLOCK 


EXPANOED 

PANEL 


AVAILABILITY; 


ACG-  honeycomb  will  be  supplied 
F.O.B.  Graham,  Texas,  or  Casa  Grande, 
Arizona.  Contact  nearest  Hexcel  Sales 
Office  for  delivery  information. 


Standard  Dimension : 

Hexcel's  aluminum  commercial  grade  materials  are  available  in  the  following  standard  size: 


•  • 

Unexpahded  L  (HOBE): 

Expanded  Dimensions: 

$q.  Ft: /Pec  Panel: 

66"  m  1" 

48"  +  2'  —  0"  L  x  102"  +  2T  —  6"  W 

34 

One  of  the  major  advantages  of  the  ACG  product  line  is  the  availability  of  a  structural  metallic  honey* 
comb  at  low  cost.  This  is  possible  because  the  product  is  made  in  only  one  panel  size  and  is  shipped  un¬ 
trimmed  as  expanded.  While  variations  in  "T"  are  available,  the  "L"  and  "W"  dimensions  will  only  be  supplied 
in  the  expanded  dimensions  shown  above.  Special  "L"  and  "W“  requirements  or  pieces  cut  to  size  can  be 
supplied  upon  request  but  may  carry  a  premium  charge,  depending  on  volume. 

Thkkaen  Tolerance: 

Tolerance  on  cut  thickness  am  as  follows: 


Panel  Thickness 

Standard  Tolerance 

.12?  to  4.000" 
4.001"  aid  Over 

±.  .008" 
m.062" 

Density  Tolerance: 

The  standard  density  tolerance  on  the  nominal  density  is  m  15%. 


Mednakai  Properties:  .  .  TAiCtf 

ACG  honeycomb  has  been  tested  per  MILStd.  401.  The  following  typical  properties  apply: 
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Tested  at  0.62?  inch  thickness.  p — preiminary  values 


FOr  INDUSTRIAL  USE  ONLY 


The  following  is  made  is  lieu  of  all  warranties,  express,  or  implied:  Seller's  only  obligation  shall 
be  to  replace  such  quantity  at  tide  product  which  hae  proven  to  not  substantially  comply  with  the 
data  preNntad  in  this  bulletin.  In  the  event  of  the  discovery  of  a  non-conforming  product,  Sallee 
shell  not  be  liable  for  any  commercial  Ion.  or  damage,  direct  or  consequential,  arising  out  of  the 
use  of  or  the  inability  to  use  the  product.  Before  using  user  shall  determine  the  suitability  of  the 
product  for  his  intended  use,  aim  user  «««"««  all  risks  and  liability  whatsoever  in  connection 
therewith.  Statements  relating  to  powrible  use-  of  our  product  are  not  guarantees  that  such  use  is 
free  of  patent  infringement  or  that  they  are  approved  for  such  use  by  any  government  agency.  The 
foregoing  may  not  be  changed  except  by  an.  agreement  signed  by  an  officer  of  sailer. 
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HRH-10  NYLON  FIBER  REINFORCED  HONEYCOMB 
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6  MATERIAL  COSTS 


1.  HONEYCOMB 


THICKNESS.  IN 


2.  FIBER 

TYPE 

MFG  BY 

COST.  $/LB 

• 

E  Glass 

Owens-Cornlng 

0.95 

S2  Glass 

Owens-Cornlng 

3.87 

T300  Graphite 

Union  Carbide 

32.00 

• 

HMS  Graphite 

Hercules 

50.00 

3.  RESIN 

TYPE 

MFG  BY 

COST.  $/LB 

• 

EA  826/T0N0X  LC 

Shell  Chem/US  Rubber 

$1. 724/LB 

Type 

Mfq  By 

1.25 

1.625 

2.000 

Alum. 

ACG  3/8-. 003 

Hexcel 

$  2.30/FT2 

$  2.89/FT2 

$  3.49/FT2 

Alum. 

CRIII  2024-.0015 

Hexcel 

17.16 

22.30 

27.45 

Alum. 

CRIII  5052- . 001 5 

Hexcel 

5.33 

6.93 

8.53 

Nomex 

HRH  1/4-4. 0(5) 

•  Hexcel 

13.21 

17.17 

21.13 

Nomex 

HRH  1/4-4. 0(5) 

Clba-Gelgy 

7.25 

9.29 

11.33 

6.2  LB/FT3 

PVC  Foam 

Klegecell 

7.00 

9.31 

11.00 

6  LB/ FT3 

Polyurethane  Foam 

Gen. Plastics 

1.69  . 

2.12 

2.59 

ADDENDUM  II 


DEPARTMENT  OF  THE  ARMY  B.  Ballinger/111/703-664-5140 

US  ARMY  MOBILITY  EQUIPMENT  RESEARCH  *  DEVELOPMENT  COMMAND 
PORT  BELVOIR,  VIRGINIA  22060 


DROME- PEA  $  JAH  iSB? 

SUBJECT:  DAAK70-81-C-0210,  Wound  Web  Bridge  Modules 


Fiber  Science,  Inc. 

ATTN:  Mr.  H.  D.  Goff 
506  Billy  Mitchell  Road 
Salt  Lake  City,  Utah  8411? 


Gentlemen: 

Reference  FSI  Letter  No.  112236,  dated  10  December  1981,  with  Phase  I  Report 
relative  to  subject  contract. 

Phase  I  Report  has  been  reviewed  and  comments /direction  follow: 

a.  Recommendation  1  -  Materials.  The  recommendation  to  use  Hexcel  ACG  3/8- 
.003  aluminum  honeycomb  core  material  is  Accepted.  The  recommendation  to  use  S2 
Fiberglass  Epoxy  Composite  Material  is  open  to  considerable  question. 

Government  Position  -  The  graphite  epoxy  skin  material  shown  in  the  minimum 
weight  position  is  much  more  weight  efficient  than  the  recommended  compromise 
position  of  FSI  (246#  vs  425#).  The  higher  cost  ($3006  vs  $1665)  is  due  to 
FSI's  selection  of  T300  graphite  fiber  and  the  Government  requests  that  FSI 
investigate  the  use  of  Great  Lakes  Carbon  Fiber  Fortafil  3T  or  4T  as  a  possible 
alternative.  These  materials  bracket  the  T300  material  in  properties  and 
sell  for  $18  per  lb.  This  material  is  available  in  a  40,000  tow  size  only, 
but  a  sincere  effort  to  apply  this  material  (or  a  cheap  similar  material)  in 
the  light  of  its  much  lower  price  should  be  made.  A  realistic  module  price 
of  $2000  and  weight  of  250  pounds  should  be  possible. 

b.  Recommendation  2  -  Process.  The  lay-up  option  D  which  was  recommended 
and  acceptable  for  S2  glass  is  not  shown  to  be  cost  effective  for  graphite  fiber. 
The  18.02  figure  shown  with  the  asterisk  is  open  to  considerable  question. 

Government  Position  -  FSI  should  determine  the  actual  cost  of  the  Knytex  triaxial 
non-woven  fabric  for  the  low  cost  graphite  fiber  selected.  A  trial  run  may  be 
necesary.  This  should  not  be  costly  since  the  material  produced  would  be 
used  for  one  module.  If  the  Knytex  process  is  not  cheaper  than  alternative 
B,  then  alternative  B  of  the  "W"  process  will  be  used.  Since  both  processess 
are  hand  lay-ups,  the  tooling  will  be  the  same  with  only  fabric  production 
difference* , 


DRDME-PEA 


SUBJECT:  DAAK70-81-C-0210,  Wound  Web  Bridge  Modules 

c.  Recommendation  3  -  Drawings.  Class  C  drawings  are  Rejected.  Class 
B  is  recommended. 

Government  Position  -  Follow  contract  requirements  for  drawings. 

d.  Recommendation  4  -  Tooling  Drawings  are  Accepted. 

e.  Recommendation  5  -  Level  of  fabrication  is  Accepted. 

f.  Recommendation  6  -  Tooling  fabrication  is  Accepted. 

g.  Recommendation  7  -  Panels  need  not  be  interchangeable  is  Accepted. 

h.  The  joint  details  shown  in  Figures  II  through  V  are  Accepted  in  concept 
for  further  dimensioning.  Final  acceptance  will  be  withheld  until  full  detail 
is  made  available. 

Should  you  have  any  questions  relative  to  the  above,  contact  Mrs.  B.  Ballinger, 
(703)  664-5140. 


Sincerely 


"The  views,  opinions,  and/or  findings  contained 
In  the  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Depart¬ 
ment  of  the  Amy  position,  policy  or  decision, 
unless  so  designated  by  other  documentation." 


I.  INTRODUCTION 


The  Mound  Bridge  Web  contract  Is  an  effort  to  reduce  the  weight  of  the 
existing  bridge.  The  wound  bridge  web  contract,  which  provides  for 
the  determination  of  contract  feasibility,  design,  fabrication,  test 
and  assembly  of  two  bridge  web  modules,  was  received  at  Fiber  Science  on 
Septenter  28,  1981. 

Phase  II  of  the  contract,  entitled  "ENGINEERING  DESIGN  AND  DOCUMENTATION", 
Includes  (1)  manufacture  and  test  of  samples  to  verify  properties  used 
In  the  design,  (2)  production  drawings  and  specification,  and  (3)  detailed 
description  of  production  methods  Including  quality  assurance  provisions. 

This  Is  the  final  report  under  Phase  II  of  the  contract. 


II.  AIMS  AND  OBJECTIVES  OF  PHASE  II 


1.  Perform  physical  testing  of  the  bridge  web  design  materials  to 
verify  design  allowables. 

2.  Re-evaluate  safety  margin  of  bridge  web  design  based  upon  test 
results. 

3.  Develop  Engineering  drawings  of  bridge  web  components. 

4.  Detailed  description  of  production  methods. 

5.  Order  materials  for  Phase  III. 

6.  Design  tooling  for  Phase  III. 


III.  RESULTS  AND  CONCLUSIONS 


1.  Physical  tasting  of  tha  wound  bridge  web  design  materials  was  per* 
formed.  The  tests  outlined  In  the  Phase  II  Material  Test  Plan  were 
completed  as  proposed.  Results  of  the  In-plane  shear  test  were  about 
SS  lower  than  target  loads  for  reasons  which  appeared  to  be  related 
to  sample  geometry.  F.S.D.  proposed  to  MERADCOM  that  an  additional 
test  be  run  on  the  web  materials.  After  approval  had  been  received, 

F.S.O.  manufactured  and  tested  three  3.S  In.  diameter  by  10.0  In.  long 
tubes  whose  wall  lamination  Is  the  same  as  the  bridge  web  skin.  Tor¬ 
sion  testing  on  the  tubes  proved  skin  shear  strength  to  be  well  above 
design  levels.  A  comparison  of  test  results  to  computer  predictions 
may  be  found  In  Table  I. 

2.  Page  15  of  the  Phase  I  Report  (released  Dec.  8,  1981  contained  a 
failure  criterion  for  the  composite  bridge  web.  This  failure  cri¬ 
terion  was  re-examined  using  data  generated  by  testing.  Where  the 
original  design  produced  a  Factor  of  Safety  of  1.5,  the  test  data 
produced  a  Factor  of  Safety  of  1.86. 

3.  Engineering  drawings  of  the  wound  bridge  web  were  produced  under  Phase 
II  and  have  been  reviewed  by  MERAOCOM.  Comments  generated  by  that 
review  have  been  Incorporated  into  revised  drawings.  These  revised 
drawings  are  transmitted  with  this  report. 

4.  Manufacturing  materials  for  Phase  III  have  been  ordered.  All  materials 
have  been  received  with  the  exception  of  aluminum  extrusions  which  are 
due  at  F.S.O.  by  August  15,  1982. 

5.  Tooling  for  the  eight  Phase  III  full  sized  panels  will  be  complete  by 
10  August  1982.  Tooling  for  the  filament  winding  demonstration  seg¬ 
ment  will  be  completed  by  30  August  1982. 

6.  Bridge  tread  plates  have  been  cut  from  existing  webs  but  were  found  to 
warp  .75  In.  over  the  length  and  0.13  over  the  width.  The  same  vendor 
who  cut  the  webs  will  press  straighten  the  tread  plates  to  within  0.25 
In.  over  the  length.  Tread  plates  are  due  at  F.S.D.  by  10  August  1982. 

7.  A  detailed  desert ptlon  of  the  production  of  Phase  III  full  size  webs 
Is  attached  to  this  report.  This  description  Is  the  "Job  Card",  or 
step-by-step  work  Instructions  which  will  be  given  to  the  Manufacturing 
Department. 

8.  The  Phase  III  effort  will  consist  of  fabricating  eight  full  scale  web 
sections  by  lamination  of  filament  wound  broadgoods  while  proving  that 
the  filament  wound  "N"  concept  Is  feasible  by  the  use  of  plywood  tooling 
and  a  six  foot  long  mandrel.  A  description  of  the  process  Is  Included 
In  this  report. 


TABLE  I 

MATERIAL  PROPERTIES 


DESIGN 

COMPUTER 

RESULTS 

PROPERTY 

PREDICTION 

OF  TESTING 

Fxcu 

29266 

PSI 

- 

Fycu 

94129 

PSI 

66600  PSI* 

Fxyu 

32797 

PSI 

37368  PSI 

Ex 

2.65  X  106 

PSI 

Ey 

8.471  X  106 

PSI 

7.182  X  10* 

Gxy 

2.561  X  106 

PSI 

2.553  X  10fi 

*  The  theoretical  Is  based  on  strength,  whereas,  the  actual  was  an  In¬ 
stability  failure. 


IV.  TESTING 


A.  Shear  Tests  Mere  conducted  In  accordance  with  the  Phase  II  Material 
Test  Plan  which  had  been  reviewed  and  accepted  by  the  Amy  ME RAD COM 
office.  Specimen  configuration  was  as  shown  In  Figure  1.  Prelimi¬ 
nary  evaluation  of  these  tests  was  given  In  the  Monthly  Progress 
Report  for  May  1,  to  May  31 ,  1982,  In  which  low  test  results  were 
reported.  Raw  data  Is  presented  In  Figure  2  and  reduced  data  may 
be  found  In  Table  2.  The  average  failure  load  was  41883  1b.  compared 
to  the  calculated  design  failure  load  of  44436  1b.  The  conclusion 
reached  was  that  the  holes  In  the  Shear  Test  panel  Induced  a  stress 
concentration  which  was  peculiar  to  the  test  panel.  Such  a  stress 
concentration  reduces  the  failure  load  an  unknown  amount. 

In  order  to  obtain  addition  Shear  Test  data,  F.S.D.  requested  per¬ 
mission  from  MERAOCOM  to  manufacture  and  test  additional  samples 
which  would  avoid  stress  concentrations.  The  sample  chosen  was  a 
Torsion  Test  specimen  taken  from  Air  Force  Materials  Laboratory's 
Advanced  Composites  Design  Guide  of  Jan  1971,  Paqe  7.3.18,  Specimen 
(a)  which  is  shown  In  Figure  3.  MERAOCOM  granted  permission,  and 
these  samples  were  built  and  tested.  Torsion  Test  results  may  be 
found  In  Table  4.  The  average  shear  stress  measured  was  42418  lb. /In. 
which  may  be  compared  to  a  design  shear  stress: 

T»  '  S34.i«{?{i5)  '  15505  lb./ll..2 

The  torsion  samples,  representative  of  one  web  skin  thickness,  ex¬ 
hibited  shear  strength  2.74  times  the  design  requirement.  This  Is 
not,  however,  over  design  since  coafclned  loading  failure  analysis  to 
be  discussed  In  Section  IV  reduces  the  safety  factor  based  on  test 
data  to  F.S.  ■  1.86. 

Shear  modulus  was  calculated  from  the  strain  data  of  the  original 
shear  test  panels  to  be: 


where  P  ■  Load 

Vf  ■  01  stance  between  holes 

t  ■  Combined  skin  thickness 

Ei  ,E2  -  Measured  strain 


|CR1MfflTO8IH 

imuniiuiimjjsmimni 
anflinuumtiwnm 

ESSES  22!  S!!2!! 

■■limSiMram 


miiHKiiuumuiu^muiHiiiimmtinai 
limitlUIUIIlIHUIllt^llHilllHIlHlllIillliaS 
luuniniiiuiunii&MnuiiiijiHfliuflinu] 
muautnitiagi.!— 'WMinitMiflii] 
tammmiiiwiHHiiQirnMnnififll 
iminHiiuiHffliun  tails  HtauHitif' 
knrana  iM  dib  mvnamuu  rail 

MMHimtVIUmiMIIHIimi* 
laaioaiiuiwatfuiaiimsisBi 

on  mams  sumo  mu  ira  an  P 

■BMQHirjinBHaiisaiail 

Inmnii  ammmia 

imantamBHiHininiBiiniiffiiiiai 
imuraniflifliiQHiiraiiniutiitBntniil 
I  SB  l«  HM  US  OB  IBB I BH  R38 I  ttfl  (HD  ! 
liBBiafluoimmiiiiimimmttsinflaifi: 
ton  uiH  uhi  mu  irm  nni  iwu  icw  ran  mu ! 
uiauni  unroll  uratuiiBHiiH  usual 


iniHllll!lt!l!1l{!'  'Ibillffllllllllilll'l 


Ill'll!^  ::!ii{  Ill!!lll!:l1ll|ll>lillli 


iS 


■  iii  ■>!<* 

(HHti 

■■n 

nn 

IMHRB 

IHiHI 

IHIHM 

IS 

li 

IIHM1 

nwira 

HHIBI 

»*■ 

BMW 

iranral 

Maag 

■mn 

mi 


i  1M  HBU  lllfl  t  KU  tUB  UHI  IRH  Homs  SH 

nmnnam  iraiHamanmia 
-^iniMraran^wTrimiaa 
UHBiMiiHiraiHBmraiiinni 
aMramaMDimin 
mnniiHiiMiefinffiiBnnaiK»MS 
mraunmniRiiiHriitHuinmnina 
HBHBKwirarai^flttawBiBBmw 
fflfl  DD  IBS  IHB  IBb  if  J1  HMOBIflH  BD 

rrairatmfmsrrawfflinifismirw 
m  bh  ma  w«  ns  f  hi  ra  n  ora  ins  m 
MramwwniBifiiiffi 
I  OH  SB  DIH  Ufa  BHI  ,3H IHB  inBUHlIOfll 

MBMonaaP"  nnaauniBiira 

W 

Hnuaiwi  mmnuuniuiiB] 
mm  Mumimnts: 

MB  0U  UMHOUIBB 
■  SaenemnnimiHinffiiimfl 
p5  «  mu  on  ms  ra  i :  u toa  na 
namiBBimBHn! 
naaniHiaitir-^i 
HnnMn  mu  ua  mu  um  mb 
mb  bh  h  ua  hr  i  is  nw  mu  rnn 
hm  m  hb  mm- *»g  an  mn  wn 
sasMramumni  jib  nra  uni  rammi 
mmuD!  sb  oh  .>«*i  tin  amiufl  mu 
■■■airmiiraimifTw™i;c_.imiwn 
|w»iiBmwnwny.,tM  v  ur 
■MHmniiLi^imu  u nanus  un 
OH  MB  tm  Hffi  UH  B  H  H»  ON I  US  ■ 

mb  »M  annas  miwHBBHUiS 

HB  ■  1 HB  HU  I DB  OB I  IB  Ml  IB  H  IBB  B 
MflrHiramilMUffil  HIBBHtflMuB 
tamMnflmfliiiNiHai  uummiuna.^ 
mHUfnituiiuumnaiui  raiuiiHuuwira 
nm  an  mu  inn  nw  mm  uu  mu  him  ua  f$ 
uunramunHiiiiiiiuu  inuutimnmuB 
uwiimmuiimimiimi  unmnuniMipSI 
mauHiiHNiHnminiw  iJBiHmnu.'iHad 
ua  hu  mu  urn  am  mn  uh  iihi  imi  mu  ■ 
nwmmimimi 
raim«iiuiiH«»iMian  iuuiiuiihuihf 
IraunnmwiHfliwiim  iimimmniniii 
uiu  ion nn tun  ihb  nu  innniu mo  inn 

HHUHUHtlWHIUHmi  IIIIHIHMIWIIWH 

murarminraaiuiniiuHiinnwmti 

iHMHMHHirBBH  IH  imUiaBIUDU 
lira  mama  ran  muto  imswiiHuiual 
HHnimufflmniB  aHMRnioanM 
onmiRMrainMii  HKnmim»n 
■MHUMWI  ROM  BM  Hi  BH 
■HHIMIMHIHBIHiM 
BHHiHflMHHMB  ■IHMBHH 
iHamaraiiiH  b  tranraiBH 
MMiraiMmini  HHHBUHinB 

m«nmuaiaii  (BMatmiraa 
HMnMRHIIMUHIifll(0iHiHM9 
UHHIBnnHH  ■HHnHHial 


IUHI 


mill  'Hi  |||Mlirilllllll|:ill: 

1 1111:1111.1  111  HlllllllillHilllllill' 

I'"  :i  in  iiiiiii  luim 
lull  hi:  ii:,™,„:;:::iiiiiiiiiini 

'Mill  ilii;illll!li  III'  llllill:  Ill’ll; 

I -ill  Mini!  ill;  i!,.:iii  llli'lllilli 
l.:!ii«iiiiiii.;iii  iiiiii!';H!.:iii:iii> 
|,lill:;iMlli!l!l':ll!  1111  IllWHilllllr  3 
llll!!(ili;illillll;lll.llll,IIIIJIII,il! 


Jill: 


»i:i>ll!illllllll:lll1 


llllll|ll!ll!l!IIIIIIIIH  II 


;niiifliiiii!iiniiii 

1  lll!!llll!|lllllll 
I|IHIIIIII!IIIIIIIII|II|:| 
NUIIIIIIIIUIIU 

iiiiur.;!ii':::n;iii| 


ua.sni-ii  HHJHiiaisr  ;.RI 

;|ii  !iii;ili:iiiriiU:iii;ill,.'lllir'iH' 

"II  !lll,illl:!i!li!ii' 

"Ml:  !!li:,'!i  HI  ’lliaM.lli 

. ihixiI  Mill  ill!  iin: 

!•  .,1 Ml  !!i:ili:;Mi!.:ii 
:,'i.,;;!i,:i;  n  mi  'll  ?«'«<«! 

:;l  :!l.:;i,'!:i::iill.',l|liv,i! 

■•ii  '’ll  ’’li'  ^I'lir  :!||'  Mil®  ill 
'Mii.iiririui  iiJiMMi 
:.i’ sii  i-  ®  ii!:i!  'im 
.  ::h "H  >1,1, 111,1,1111 1 

M!  Ill  .i!  "I  Hllil 
:■■■■:  T  111  il!  illi,"’’ 

Hi  .iH  iH  il'Ui.'.'iiHII 

!,:i:;:'  -'i  ’ll  :i:  ;:l  'I  'MM 

1  ■■!!":: 'in  "  iimi.1 

. ,:|  :,  „l  'M 

;r  ii'  '  i  :  ;■ 

■ . !.  j  . 

'  .  ii  M. :  '  ill  ’I";;.1" 

|’I'  'II  I,  : 

,1  "i!  ,'"1:  " 

.  i,  ',i  :;:mi  : : ", 


■;  ■ '  ii 

ii,... 

11  . 'ii-.:  ■ 

!' "M  II;  „ 
'll  .":i|„iiii,i. 

HI  l.ii  il 

ill  iti  lit! 

Hi  !i':;nii|;: 
'!;  iH,  l!!"!!ll;rl 

I  ;;li  III!  HP  II. 
'!  lilHi'M'l. 

;  "  Hi 'ii  i'1 

i  ill1 

’I  I'll  HliilllHI* 
■I  li|i:il!lli;i', 
il  "III  'If  llll  I!1' 

ii  iiii'irim  in 

II  lilllliilllilllHI! 
[Ljlli  illl,|lll!lli 
igyugim 


,1  III!  il, 


■iimimmmMimmumrminin1 

'H!:!llllllll!llll'l!!!1l1lil,ii:iillll!i!l!i: 
il!l:!lll:!lll:lil;,ill  iii:;l:;;ii:iiiii,;i;: 
;iii;iiii'iiii;iii:iii  iiii;iii,iii!i,!i;,:iii 
;iii;iiiiiiii:ii;i:iiiiii!iiiii,iii!|i!ii:ir 
,lllilljllll!l;lllilll!i  HlllllllilllllliliHil 

iiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiii 

,iiHiiiJi«:iii!'iiii  t«iru 

ili:!li|i|||i:ii|i;iilMiii:!li:i:i!;:iili:ii! 
Jiiiiiiiiiiii.iiiiiiii:  iiiiiiiiiiiiii'iiinii 
iill!llll;lllllllll:lll"illl!llllillli'llli:lll 
'1111111111111:1111:111:  :ll!lllllillll:ll|li!li 
,:;'"”:"::’":;:::,':iii:iii!i!iiii:iii 
!||li!!!l  !lll!l!ll!ll  “llllill  m:  1111:111  U' 

.mam  bhmw 

aiiiUiiiiiiiii  iniww 
1.11:11111:11!  i!il«l!l!:il 

[  mu  immuuuuiiiu  imiuu  nuiiiuj  uu  ■ 
jjlj^  'luiiumnmuiiHi 

IhlihiiiiitnnmiTiiiiiinr  | 


tllllllillllllifli 

illlllllillllllllliiii: 
illllllllilllllllllili" 
llillllllllllllllllllllli 
lilllfll'llllllll 
llllil!i!!llilillll!lll 
HIH  lllllllli!lll!l!l!!!lll: 


,!lll!lllll  ln"'"llll  lllliilllllllllllii!!! 


1 


III  Hill 
1 

l|i|||liill!:ilt. 
Ii:i!|,.lll„lli.:ill:lll 
|'!il!i!!l)i!l)!'!!!''f 
IlKIII'l’ilW 
li:iri!l!:!lllllli!ll 

1  :i|;  Hl!illl  llll, III 

i::iiirai!i!H!' 
| . :  : i:  I 
',:ii:;Mi;r 
liiiriMi:  'ini  ;■ 

huTuniiv 

"Ml  ,111  i'M' 
.iMMii  ni::!t 
I  li:|!!i!ii|!ll;lillM 

weiauar' 

I  i'M:;:  iiiiitiii:; 
n;  mm:1  1 

r"  ;i:"!i!'"M 

.,  ™, 

l:,:'i':.M"!!::|, 

: i:,j ■ 


iiiiiiiii:imir| 

lllllllii:lll!!l!i:i 
'lll;lll::llllllll:lll!  | 
ii!ili!'iii!:ili:ni: 
wirwisi 
iiii:iiri!iii!iii! 

,  ieiihiii:  iii  I 
1l!ilM":i!l:i!! 
Mil  Ii:  :'l  j 

. . .  'llllill  j 

MMiiiilL  j 
hi  i,i  Mr  i: 

:C!l|i:.i|:|Hi,!:] 
Mil  IMI",, 
'Mil!  lli'MKAi  I 
,::r!ii  mim| 
hi  ":  ,l|i|ll|:" 
::mm|:|: 

:M!I  Ml:" 
M':!!", '  HI:  ,.i  I 


:.  '  ■  ill 


'i  i1 

'i'li!  <  "!:|i 

11"::: 

I  nr  iii  Hi  ir  1 

IMIMIMM! 

mi  1  inn:  ii 
mh-  miM 
|  i«ll-  :;r  Ill  11 

nun.  uni 

'!-  in  ii  ii 
l-ili'MMHiill 
:k«  in;, 11 
1 111:  rr  MIDI 

Iirir  «I1 
,:ll-,!|:"!i:  lim 
iH'IIH'lH'tlll’Ii 
'i|!  lllllllll.illilt 
SMUlUi 


Ei  ■' 
ffillll'iMIIMI  I 
iiyiiii-ii'Miil 

iii-ii:  i.tinni;  f 

illis.::i  HIM 

,i!1"  ini, 

■!!'  Htllli!'iii'ii.’l 
'!!,!:,,::i-'lii.:|"! 

'!*jjt:ii:  !i!  nn  I 
iiiiiiiiniHiiii-ii!  I 
Minr'i;  1 
Hl'llllliii! 

illilllllH'r  III:  -i: 

illiilliw m  ii 

.HniHIHttl 


IW&  Zr  MW  -SHEAR  TEST  DATA 


TABLE  2 


SAMPLE 

1 


2 


3 


SAMPLE 

1 


2 


3 


SHEAR  TEST  DATA 


FAILURE  LOAD 
42600  LB. 


41950  LB. 


41100  LB. 


GAUGE  NUMBER 

1  -  1 
1  -  2 
1  -  3 

1  -  4 

2  -  1 
2-2 

2  -  3 

2- 4 

3  -  l‘ 

3- 2 
3-3 
3-4 


FAILURE  STRAIN 

♦  0.26* 

♦  0.30* 

-  0.10* 

-  0.05* 

♦  0.25* 

♦  9.21* 

-  0.09* 

-  0.09* 

♦  0.24* 

♦  0.24* 

-  0.08* 

-  0.07* 


TABLE  3 

OPPRESSIVE  TEST  DATA 


FAILURE  LOAD 
53900  LB. 


49350  LB. 


47000  LB. 


GAUGE  NUMBER 

1  -  1 
1  -  2 
1  -  3 

1  -  4 

2  -  1 
2-2 
2-3 
2-4 

3  -  1 
3  -  2 
3  -  3 
3  -  4 


FAILURE  STRAIN 

-0.54* 

-0.40* 

-0.08* 

-0.07* 

-0.36* 

-0.41* 

-0.07* 

-0.05* 

-0.37* 

-0.46* 

-0.06* 

-0.06* 


TABLE  4 


TORSION  TESTS 


1.  2750 

2.  3303 

3.  3008 

x  «  3020.33 
r«  2T 

irt  o2 

T  »  3020  (10.0)  •  30200  In. lbs.  * 

_  21302001,  ,.42418  lb./1n.2 

TT(.037)(3.5)Z 


The  following  shear  moduli  wore  calculated: 


Calculated 

s*y.  PSI 


SAMPLE  #1  , 

2.380'TTo6 


SAMPLE  #2. 

WTl 1P6 


SAMPLE  #3  c 
2.587  i  lo6 


AVERA6E 


2.553  X  TO 


€ 


B.  Compression  Tests  were  conducted  as  outlined  by  the  Phase  II  Material 
Test  Plan.  Specimen  configuration  Is  shown  In  Figure  4.  Raw  test 
data  may  be  found  In  Figure  5,  and  reduced  data  appears  In  Table  1. 

While  the  test  results  exceeded  design  requl rements ,  they  were  lower 
than  computer  predictions  because  thqy  failed  In  a  different  mode  than 
anticipated. 

Test  data  recorded  on  the  narrow  chart  Is  unaccountably  low,  about  1/5 
the  expected  level  of  strain.  It  Is  suspected  that  a  calibration  er¬ 
ror  occurred. 


FIGURE  4  COMPRESSION  TEST  SPECIMENS 
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FIGURE  5 .  RAW  COMPRESSIVE,  TEST  DATA 
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VI.  FILAMENT  WINDING  PROCESS  DEMONSTRATION 


1.  Tooling 

The  mandrel  will  be  made  from  1/2  Inch  plywood  with  piano  type  hinges 
about  six  feet  long,  with  full  width  webs. 

2.  Demonstration  winding  will  be  with  graphite  fiber,  epoxy  resin  and 
aluminum  honeycomb.  Winding  sequence  will  be  as  follows: 

a.  Wind  Inner  skin  (90°,  -  45°) 

b.  Apply  120  glass  cloth 

c.  Apply  honeycomb 

d.  Apply  120  glass  cloth 

e.  Wind  outer  skin  (-  45°,  90°) 

f.  "B"  stage  to  formable,  tacky  resin  consistency 

g.  Cut  skin  and  fold  mandrel  Into  ”W"  configuration 

h.  Secure  Into  proper  position 
1.  Cure 


